Abstract. We calculate in perturbative QCD the transverse momentum broadening of vector bosons in heavy ion collisions at the Large Hadron Collider (LHC). We predict transverse momentum broadening of W/Z bosons constructed from their leptonic decay channels, which should be a clean probe of initial-state medium effect. We also predict the upper limit of transverse momentum broadening of J/ψ and Υ production as a function of N part at the LHC energy.
Nuclear transverse momentum broadening of heavy vector bosons (γ * , W/Z, and heavy quarkonia) is defined as a difference between the averaged transverse momentum square measured in nuclear collisions and that measured in collisions of free nucleons,
Since single scattering is localized in space, the broadening is a result of multiple parton scattering, and is a good probe for nuclear medium properties. Because the mass scale of the vector bosons is much larger than the characteristic momentum scale of the hot medium, the broadening is likely dominated by double partonic scattering as indicated in Eq. (1). The broadening caused by the double scattering can be systematically calculated in terms of high twist formalism in QCD factorization [1, 2] . At the LHC energies, a lot W and Z, and J/ψ and Υ will be produced. Most reconstructed W/Z bosons will come from their leptonic decays. Their transverse momentum broadening is a result of purely initial-state multiple scattering. By calculating the double scattering effect, we obtain [2, 3] 
for hadron-nucleus collisions. The λ 2 A 1/3 in Eq. (2) was introduced in [1] as a ratio of nuclear four parton correlation function over normal parton distribution. The λ is proportional to the virtuality or transverse momentum of soft gluons participating in the coherent double scattering. For collisions with a large momentum transfer, Q, the λ 2 should be proportional to ln(Q 2 ) [3] and the saturation scale Q 2 s if the active parton x is small. By fitting Fermilab E772 Drell-Yan data, it was found that λ 2 DY ≈ 0.01GeV at √ s = 38.8GeV [2] . From the λ 2 DY , we estimate the value of λ 2 for production of a vector boson of mass M V at the LHC energy as
where we used Q 2 s ∝ 1/x δ with δ ≈ 0.3 [4] and √ s = 5500 GeV for the LHC heavy ion collisions. For an averaged Q DY ∼ 6 GeV, we obtain λ 2 W/Z ≈ 0.05 at the LHC energy. We can also apply our formula in Eq. (2) to the broadening in nucleus-nucleus collisions by replacing A 1/3 by an effective medium length L ef f . We calculate L ef f in Glauber model with inelastic nucleon-nucleon cross section σ in N N = 70mb at the LHC energy. We plot our predictions (lower set curves) for the broadening of W/Z bosons in Fig.1 . Heavy quark pairs are produced at a distance scale much less than the physical size of heavy quarkonia in high energy collisions. The pairs produced in heavy ion collisions can have final-state interactions before bound quarkonia could be formed. We found [3] that with both initial-and final-state double scattering, the broadening of heavy quarkonia is close to 2C A /C F times the Drell-Yan broadening in proton-nucleus collision, which is consistent with existing data [5] . If all soft gluons of heavy ion beams are stopped to form the hot dense medium in nucleus-nucleus collisions, final-state interaction between the almost stationary medium and the fast moving heavy quarks (or quarkonia) of transverse momentum q T is unlikely to broaden the q T spectrum, instead, it is likely to slow down the heavy quarks (or quarkonia) [3] . From Eq. (3). we obtain λ
